Adipose tissue-derived stem/progenitor cells (ASCs) have been reported to differentiate not only into mesodermal cells such as osteoblasts, chondorocytes, and adipocytes, but also to endodermal cells such as hepatocytes and insulin-expressing cells. These stem/progenitor cells are expected to be used for variety of regenerative therapies. This study demonstrates the viability and the adipo/osteogenic potential of cryopreserved ASCs using seven cryopreservation solutions, including 10% DMSO, Cell Freezing Medium-DMSO, Cell Freezing Medium-Glycerol, Cell Banker 1, Cell Banker 1 + , Cell Banker 2, and CP-1. ASCs were obtained from mouse subcutaneous adipose tissue. The viability of the cryopreserved ASCs was over 90% with Cell Banker 2 preservation, approximately 90% with Cell Banker 1, Cell Banker 1 + , or CP-1 preservation, and less than 80% for 10% DMSO, Cell Freezing Medium-DMSO, or Cell Freezing Medium-Glycerol preservation. No difference in the adipo/osteogenic potential was found between cells with or without cryopreservation in Cell Banker 2. These data suggests that Cell Banker 2 is the most effective cryopreservation solution for ASCs and that cryopreserved as well as noncryopreserved ASCs could be applied for regenerative medicine.
INTRODUCTION
fied as an alternative source of MSCs (38) . Because adipose tissue is easier to obtain than MSCs from bone marrow, adipose tissue-derived stem/progenitor cells Stem cells are present in a variety of organs including the bone marrow (6, 24) , liver (24) , pancreas (24) (25) (26) (27) (28) (29) (30) , (ASCs) are expected to have clinical applications as well as other stem cells. ASCs have a self-renewing ability and adipocyte (23, 38) . Mesenchymal stem cells (MSCs) in bone marrow are multipotent cells and can be induced and they can be induced to differentiate into various mesenchymal tissues, including chondrocytes, adipo-in vitro and in vivo to differentiate into various functional cell types of mesodermal tissues including bone, cytes, osteoblasts, myocytes, and endothelial cells.
As the technology to preserve cultured cells by freez-cartilage, tendon, fat, and bone marrow stroma (2, 6, 24, 32, 33) . Several studies have suggested the possibility ing has progressed (35) , cryopreservation has become advantageous for scientists engaged in cell-based re-that MSCs can differentiate into other types of tissuespecific cells, such as skeletal muscle (8), liver (17) , and search, including transportability of stem cells, pooling of cells to reach a therapeutic dose, and time for the cells of the central nervous system (4) . The central nervous system contains stem cells that can differentiate completion of safety and quality control testing (12) . However, several studies report the influence of cryo-into hematopoietic cells (3) or skeletal muscle cells (9) . These results indicate the usefulness of multipotential preservation on stem/progenitor cells (11, 20) . The overall survival of a frozen and thawed cell represents the MSCs for tissue engineering purposes in regenerative medicine (32) . Recently, adipose tissue has been identi-superpositioning of the various mechanisms responsible for cell damage (21) . At high cooling rates, equilibrium CO 2 . After the cells attached and spread, the cells were passaged, and this was repeated two to three times. cannot be maintained because the rate at which the chemical potential in the extracellular solution is being low-Cryopreservation and Cell Viability Assay of Mouse ered is much greater than the rate at which water can Adipose Tissue-Derived Stem/Progenitor Cells diffuse out of the cell. The end result of this imbalance is that intracellular ice formation is observed, which is At subconfluency, when the cell density was about 2.5-6.5 × 10 4 cells/cm 2 , the mouse ASCs were detached lethal to the cell (37). The cooling rate is a significant factor in the determination of the viability of cryopre-from the flasks with Trypsin-EDTA, centrifuged, and suspended at a density of 2 × 10 5 cells/ml in seven kinds served stem cells. Similar influences occur during warming (19). Cryopreservation solutions containing di-of cryopreservation solution. The cryopreservation solutions included 10% DMSO, Cell Freezing Medium-methyl sulfoxide (DMSO) or glycerol have been used to protect against these effects. For bone marrow transplan-DMSO, Cell Freezing Medium-Glycerol, Cell Banker 1, Cell Banker 1 + , Cell Banker 2, and CP-1. The cells in tation, a majority of institutions that cryopreserve bone marrow use a cryopreservation solution containing 10% cryopreservation solution were rapidly cooled and stored at −80°C for 7 days. Immediately after thawing, the DMSO and freeze the cells in a controlled-rate freezer at a cooling rate of 1°C/min (34) . However, a number cryopreserved cells were diluted with culture medium. Cell suspensions were centrifuged at 1200 rpm for 3 min of studies have noted a correlation between a loss of progenitor viability with exposure to DMSO (10). Con-and resuspended in 5 ml of culture medium. Cell viability was determined using the trypan blue exclusion pro-sequently, it is necessary to use cryopreservation solution that is harmless to stem/progenitor cells.
cedure. Although several studies report the effect of cryo-Adipogenic Differentiation Assay preservation of stem/progenitor cells based on the preservation period and cooling and warming rate (35, 36) , Adipogenic differentiation was induced by culturing the cells for 3 days in DMEM (high glucose) containing few studies report the influence of different cryopreservation solutions. In this study, seven kinds of cryopres-100 µM indometacin, 1 µM dexamethasone, 1 µM hydrocortisone, 10 µg/ml insulin, and 10% FBS. The cells ervation solutions were examined to determine which solution is the most effective for mouse ASCs.
were cultured further in DMEM (high glucose) containing 10% FBS for 1 week. Differentiation was confirmed by Oil Red O staining of intracellular lipid droplets.
MATERIALS AND METHODS
ASCs were cultured in adipogenic medium for 1 week Isolation and Culture of Mouse Adipose and then fixed in a 10% solution of formaldehyde in Tissue-Derived Stem/Progenitor Cells PBS for at least 10 min, washed with 60% isopropanol, and stained with Oil Red O solution for 10 min followed Subcutaneous adipose tissue was obtained from 8week-old adult mice (CLEA Japan, Inc. Meguro, Tokyo).
by repeated washing with water and destaining in 100% isopropanol for 1 min. An assay of accumulated triglyc-Mouse studies were approved by the review committee of Nagoya University Graduate School of Medicine. Ad-eride using Triglyceride E-test TM (Wako Pure Chemical Industries Ltd.) was performed in the cell samples pre-ipose tissue (0.5 g) was washed three times with Hank's balanced salt solution, cut finely, and digested with 1 ml pared as described previously (31). In brief , the flask was washed with 50 mM Tris buffer (pH 7.4), the cells of 1 mg/ml type I collagenase (Collagenase Type I, 274 U/mg, Koken Co., Ltd., Tokyo, Japan) for 1 h at 37°C were scraped off into the same buffer, precipitated by centrifugation at 1200 rpm for 5 min at 4°C, suspended in a water bath with reciprocal shaking. Cells obtained after filtrating the digested tissue through a 250-µm in 0.1 ml extraction buffer containing 50 mM Tris buffer, 5 mM EDTA, and β-mercaptoethanol, and then mesh were suspended in Dulbecco's modified Eagle's medium (DMEM)/F12 containing 20% fetal bovine se-sonicated. Aliquots of 20 µl sample solution were used for the assay. rum (FBS: Trace Scientific Ltd., Melbourne, Australia, Uin:53141 Lot : B01249-500) and centrifuged at 1200
Osteogenic Differentiation Assay rpm for 5 min at room temperature , and the sedimented cell layer was collected . Suspension and centrifugation Osteogenic differentiation was induced by culturing the cells for 2-3 weeks in DMEM containing 200 µM of the sedimentary cells were repeated three times prior to culture. dexamethasone, 50 µM ascorbate-2-phosphate, 10 mM β-glycerophosphate, and 10% FBS (13) . The differentia-For attached cell culture, 1 × 10 5 adipocytes were seeded into a T-25 flask (NUNC) with DMEM/F12 con-tion was examined by staining for extracellular matrix calcification by von Kossa's method. For von Kossa taining 20% FBS, 100 U/ml penicillin, and 100 µg/ml streptomycin at 37°C in a humidified atmosphere of 5% staining, the cells were stained with a solution contain-ing naphtol AS MX-PO4, N,N-dimethlformamide, Red Violet LB salt, and Tris-HCl (pH 8.3) for 45 min. Von Kossa staining was carried out in 2.5% silver nitrate solution for 30 min.
Measurment of Proliferation Rate
Noncryopreserved or cryopreserved ASCs were seeded onto six-well plates at a density of 3.3 × 10 4 cells/well and cells are detached from the plates with Trypsin-EDTA. The cell number was counted after 3, 5, and 7 days. Viable cells were counted using the trypan blue exclusion procedure.
RESULTS

Adipose Tissue-Derived Stem/Progenitor Cells
Mouse ASCs were used in this experiment (Fig. 1A) . To test whether the harvested cells had adipogenic differentiation capabilities, the cells were treated with medium for adipogenic induction for 1 week and then Oil Red O staining was performed. The cells were positive for Oil Red O staining, suggesting that the cells had adiopogenic differentiation capabilities (Fig. 1B) . To exam- Kossa staining, thus suggesting that the cells had oscryopreserved for 1 week. Immediately after thawing of the cells, cell viability was evaluated using the trypan blue exclu-teogenic differentiation capabilities (Fig. 1C) . These sion procedure. The averages of three independent assays are data suggest that the harvested cells therefore included indicated with SE bars.
ASCs.
Cell Viability of Cryopreserved ASCs
cryopreserved ASCs was over 90% in Cell Banker 2 preservation, and approximately 90% for Cell Banker 1, The mouse ASCs were cryopreserved for 1 week. The cryopreservation solutions included 10% DMSO, Cell Banker 1 + , and CP-1 preservation. On the other hand, the viability of cryopreserved ASCs in 10% Cell Freezing Medium-DMSO, Cell Freezing Medium-Glycerol, Cell Banker 1, Cell Banker 1 + , Cell Banker 2, DMSO, Cell Freezing Medium-DMSO, or Cell Freezing Medium-Glycerol preservation was a lower rate. The and CP-1. Immediately after thawing of the cells, cell viability was evaluated using the trypan blue exclusion cells cryopreserved by Cell Banker 2 showed the highest viability of the seven cryopreservation solutions. procedure. Figure 2 demonstrates that the viability of 
Comparison Proliferation Rate Between Cryopreserved
had adiopogenic differentiation capabilities. To examine whether the cryopreserved cells maintained osteogenic and Noncryopreserved ASCs differentiation capabilities, the cells were treated with To examine the proliferation rate of cryopreserved or medium of osteogenic induction for 1 week and then noncryopreserved cells, the cells were counted on days von Kossa staining was perfomed. The cryopreserved 3, 5, and 7 after culture ( Fig. 3) . Noncryopreserved cells by Cell Banker 2 (Fig. 4C) were positive for von mouse ASCs showed a higher proliferation rate in com-Kossa staining, thus suggesting that the cell had osteogeparison to cryopreserved cells. The cells crypreserved nic differentiation capabilities. These data suggest that by Cell Banker 2 had the highest proliferation rate of the cryopreserved cells therefore possessed adipo/osthe cryopreserved ASCs. teogenic differentiation capabilities.
Adipo/Osteogenic Differentiation Capabilities Comparison of Adipogenic Differentiation Capabilities of Cryopreserved ASCs
Between Cryopreserved and Noncryopreserved ASCs To examine capabilities of adipogenic differentiation To test whether cryopreserved cells (Fig. 4A ) maintained adipogenic differentiation capabilities, the cells between cryopreserved and noncryopreserved ASCs, accumulated triglycerides in the treated cells were assayed were treated with medium for adipogenic induction for 1 week and then Oil Red O staining was performed. The
using Triglyceride E-test TM . Accumulation of triglycerides carried out on the cells 1 week after adipogenic cells cryopreserved in Cell Banker 2 (Fig. 4B ) or those frozen in other cryopreservatives (data not shown) were induction showed apparent no difference between the cryopreserved and noncryopreserved cells (Fig. 5 ). positive for Oil Red O staining, suggesting that the cells 
DISCUSSION
Before freezing, the cells must be treated with a cryopreservation solution (DMSO or glycerol). It has been MSCs are multipotent cells and have the capability reported that DMSO is not only cytotoxic but it also to differentiate into various functional cell types of meinduces differentiation of neuron-like cells (7) or cardiac sodermal tissues (6) . Several studies indicate the usefulmyocytes (39) when added to culture medium. Some ness of multipotential MSCs for tissue engineering purgroups use a nontoxic cryopreservation solution such as poses in regenerative medicine (32) . Bone marrow cells trehalose in place of DMSO for the cryopreservation of have been utilized as a source of MSCs (16). ASCs have stem cells (5) . Seven kinds of cryopreservation solutions bone marrow-like characters (18) . It was reported that were observed in this study. The accumulation of tri-ASCs differentiate in vitro into not only cells of the glycerides in the cells 1 week after adipogenic induction mesenchymal linage to produce adipocytes and osteoshowed apparent no difference between cryopreserved blasts, as shown in this study, as well as chondrocytes, and noncryopreserved cells. However, noncryopreserved and myocytes (23) , but also hepatocytes (22) , insulinmouse ASC showed the highest proliferation rate. In the expressing cells (15) , and neuronal cells (1) . cells cryopreserved by seven kinds of cryopreservation Cryopreservation is now routinely used to store all solution, the cells frozen in Cell Banker 2 had the hightypes of cells/tissues from animals and humans (14) . In est proliferation rate in cryopreserved mouse ASCs. The regenerative therapy, cryopreserved bone marrow has viability of the cryopreserved ASCs also showed that been reported to be able to be used for transplantation.
Cell Banker 2 is the most effective cryopreservation Early bone marrow collection may be highly effective solution for ASCs. To monitor the adipo/osteogenic pobecause it is also reported that young bone marrow contential of the cells, no difference in adipo/osteogenic potains more mesenchymal stem cells than that harvested tential was found between cells with or without cryoprefrom older patients (6) . Therefore, mesenchymal cells served treatment. These data suggests that cryopreserved harvested from young patients could be cryopreserved ASCs, especially Cell Banker 2, as well as noncryoprelike a "cell bank" with high proliferation and differentiaserved ASCs could be successfully utilized for regeneration capabilities and used for future treatment of the tive therapies. same individual (16). The present study showed that mouse cryopreserved ASCs maintain adipo/osteogenic 
